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CHAPTER I  

General introduction 

1 The GI tract and host-microbe interaction  

1.1 The healthy gut  



1.1.1 Composition of a healthy gut microbiome 
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1.1.2 The microbiome and the GI tract 
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1.1.3 Detection of commensal bacteria 
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1.2 Infection and pathogens  

1.2.1 Virulence factors 



Toxin Gene name species 

Type I toxin (receptor-mediated acitivity) 

- enterotoxins 

- toxic-shock syndrome toxin 

sea-seo 

tst 

S. aureus 

S. aureus 

Type II toxin (disruption of cell membrane)  

- leucodicins 

- hemolysins 

- perfringolysin 

- phospholipases 

- Sphingomyelinase 

- β-toxin 

- colicins 

- cytolysin A 

pvl, lukD, lukE, lukF, lukM, lukS 

hla, hld, hlg, hly 

pfo 

plc, pld 

hlb 

eta-etd 

caa, cea, cia, cna 

clyA 

S. aureus 

S. aureus 

C. perfringens 

C. perfringens 

S. aureus 

S. aureus 

E. coli 

S. enterica 

Type III toxin (membrane translocation) 

- botulinum toxins 

- tetanus toxin 

- heat-labile enterotoxin 

- glucosyltransferases 

- cytolethal distending toxins 

- cytotoxic necrotising factors 

botA-botF 

tet 

elt, etx 

tcdA, tcdB 

cdtA-cdtC 

cnf1-3 

C. botulinum 

C. tetani 

E. coli 

C. difficile 

E. coli 

E. coli 



1.2.2 Regulation of virulence factor production 



1.2.3 Virulence factors during S. aureus infection 
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2 Innervation of the intestinal tract  

2.1 Extrinsic innervation 
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2.1.1 Types of afferents 

μ

δ





2.1.2 The terminal of afferent fibres 
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2.1.3 Functions of sensory neurons  



α



2.2 Intrinsic Innervation 



2.2.1 Components of the enteric nervous system 



2.2.2 Regulation of Motility 





2.2.3 Regulation of Secretion 
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3 Do bacteria interact with neurons?  

3.1 Bacterial products and intestinal neurons 

α





3.2 Pathogenic bacteria and neurons  

3.3 Changes of the microbiome are linked to chronic diseases with neuronal 

dysfunction 



3.3.1 Obesity 

http://www.who.int/


3.3.2 Functional gastrointestinal diseases – IBS 
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3.3.3 Diseases of the Central Nervous System 
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4 Aims of this thesis 

 

 

 

 



CHAPTER II  

Soluble mediators from 

Staphylococcus aureus modulate 

intestinal afferent activity and 

intestinal functions 

ω



1 Introduction  
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2 Methods 
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3 Results 

3.1 Modulation of intestinal afferent sensitivity by soluble mediators from 

Staphylococcus aureus  







3.2 Intraluminal application of supernatants from Staphylococcus aureus 

cultures increases intestinal afferent nerve activity 







3.3 SSA application induces secretion in the intestinal epithelium 
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3.4 SSA reduce the amplitude of colonic contractions 







4 Discussion 

4.1 SSA have excitatory and inhibitory effects 
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4.2 Apical bacterial sensing and neuromodulation are not involved 

SSA-induced secretion   
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4.3 Afferent nerve recordings from the proximal colon 



4.4 Physiological interpretation 
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6 Supplementary Figures 









CHAPTER
 III  

Small intestinal afferent sensitivity 

and sensing of  Staphylococcus 

aureus after TNBS colitis 



1 Introduction  



2 Methods 
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3 Results 

3.1 Colonic TNBS treatment does not sensitise small intestinal afferents  





3.2 The response to bacterial mediators is partially altered in TNBS-treated 

animals  











4 Discussion 

4.1 Is hypersensitivity localised to the site of inflammation? 





4.2 Effect of TNBS treatment on nerve responses to SSA  



4.3 Factors contributing to the development of hypersensitivity 
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6 Supplementary figures 





CHAPTER
 IV  

Identification of soluble mediators 

produced by Staphylococcus aureus 

that modulate afferent sensitivity and 

intestinal function 

α



1 Introduction  
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2 Methods 
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3 Results 

3.1 S. aureus secretes heat-labile mediators that excite and inhibit afferent 

nerve activity 









3.2 Investigation of individual components of S. aureus supernatants on 

afferent activity 
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3.3 The effects of S. aureus on small intestinal sensory nerves are 

strain-specific 
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3.4 Changes of membrane permeability are related to the inhibitory effect  
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3.5 Receptors for virulence factors are expressed in neurons and the intestine 





3.6 Strain and mutant specific effects on epithelial secretion and motility 











4 Discussion 

α

4.1 Bacteriological approach to investigate host-pathogen interaction 

4.2 Neuromodulatory substances in S. aureus supernatants 
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4.3 Relevance to strain pathogenicity 



β

4.4 Relevance during infection 
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6 Supplementary Figures 















CHAPTER
 V  

General discussion and future 

directions 

1 Bacterial substances that modulate visceral sensitivity and 

intestinal function  

 

 

 

 

 



1.1 Bacteriological approach to identify neuromodulatory substances 

http://www.bd.com/
http://www.oxoid.com/


1.2 Bacterial mediators and mechanisms of neuromodulation 

1.2.1 Phenol soluble modulins 
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1.2.2 α-haemolysin 



1.2.3 proteases 



1.2.4 Other components of SSA 
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http://www.kegg.jp/




1.3 Neuromodulation during intraluminal application 



1.4 Mechanisms of selectivity 

1.4.1 Do bacterial components interact with distinct subsets of 

sensory neurons? 
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1.4.2 Are there differences between cell types?  
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1.4.3 Other factors contributing to sensitivity to SSA 





2 Physiological interpretation of pathogen-mediated alteration of 

neuronal activity and intestinal function 

2.1 Is excitation or inhibition pathogenic? 
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2.2 Function and physiological relevance 

2.2.1 Vagal reflex 
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2.2.2 Sensation  
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2.2.3 Behaviour 



2.2.4 Modulation of food intake 



2.2.5 Immune response 
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2.3 Effect of SSA on intestinal function 



3 Conclusions and perspectives 

3.1 Why study pathogenic bacteria? 



3.2 What is the relevance of serosal and apical application? 
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3.3 What are the neuromodulatory substances produced by Staphylococcus 

aureus? 
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3.4 What are the consequences of neuromodulation by bacteria? 



3.5 How do host factors affect the response to bacteria?  



3.6 Concluding remarks 



CHAPTER
 VI  

Supplementary methods 

1 Animals 





2 Electrophysiology 

2.1 Small intestinal afferent nerve recordings 





2.2 Colonic motility and afferent nerve recording 



3 Bacterial supernatants 
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4 Primary cultures of dorsal root ganglia neurons (Sheffield) 
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5 Expression analysis 

5.1 RNA isolation 



5.2 Quantitative reverse transcription PCR 
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